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Neomysis mercedis is native in the estuaries and brackish waters of the Pacific coastal 
areas o f North America, including the tidewaters of the Columbia River. This mysid can 
live in freshwater and has colonized mainstem reservoirs of the Columbia River upstream 
to at least McNary Reservoir, over 500 km from the tidewaters. I studied N. mercedis in 
John Day Reservoir, the longest (123km) of the shallow, “run-of-the-river” type 
impoundments of the mainstem Columbia River. The mysid was present in all sample 
periods with abundance maximizing in August at 18.7 m '̂ , abundance greater than that 
reported for the Columbia River estuary; however, nearly half o f our samples contained 
no mysids. Numbers were higher in the lower reservoir in association with lower water 
velocity and softer bottom than at the upstream sampling sites. Diel vertical migration 
was documented, with daytime distribution restricted to the bottom and preferentially to 
the soft textured sediments in the deepest areas. Ovigerous females were present 
throughout the sampling period; however, the largest concentrations of broods were 
released in late spring and early fall. N. mercedis feeds primarily on cladoceran 
zooplankton and rotifers in John Day Reservoir. Common pelagic fishes in the reservoir, 
including American shad and various salmonids, are daytime sight feeders that cannot 
prey on the mysids owing to the diel migratory behavior of the mysids. W e concluded 
that N. mercedis has become an important food web component in John Day Reservoir 
that exerts trophic interactions by reducing availability of cladoceran zooplankton that 
would otherwise be available for juvenile fishes including subyearling chinook salmon, 
which prey on cladocerans in reservoir habitats. These results are similar to the well- 
documented food web changes mediated by introduction of My sis relicta^ a close relative 
of N. mercedis with similar adaptations, in Nearctic lakes where it was not native. 
However, Neomysis abundance in John Day Reservoir is far less than that observed for 
non-native populations of M. relicta, probably owing to the rapid turnover rate of the 
reservoir. Neomysis probably affects trophic structure throughout the impounded sections 
of the mainstem Columbia River and lower Snake River.
The upstream invasion of the estuarine mysid can potentially shift food webs of the 
Columbia River-Reservoir system and benefit benthic species. As abundance of fishes 
that can feed on the amphipods increases, as has been documented in lakes influenced by 
M. relicta, the negative impact on pelagic fishes, including juvenile salmonids, should be 
o f concern to managers.
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Introduction
The estuarine mysid shrimp (CrustaceaiMysidacea), Neomysis mercedis (Holmes) 
is native to the western coast of North America from Alaska to California. Neomysis 
occurs naturally in the Columbia River estuary (Haertel and Osterberg, 1967; Daly and 
Damkaer, 1986; Kim et al., 1986) and in the lower Columbia below Bonneville Dam, 
where the river is tidally influenced (Muir and Emmett, 1988).
In 1982, N. mercedis was found in the gut contents of northern pikeminnow 
{Ptychocheilus oregonensis), walleye (Stizostedion vitreum), smallmouth bass 
(Micropterus dolomieu) and channel catfish {Ictalurus punctatus) in John Day Reservoir 
(Gray et al., 1984). In 1994, many N. mercedis were observed in smolt sampling 
facilities at John Day Dam, obviously entrained from the reservoir; subsequently, on 
August 16, 1994, six vertical net hauls were used to document N. mercedis abundance 
ranging from 40 m'  ̂to 609 m^ in the forebay of John Day Reservoir (J. Stanford, 
unpublished data). On March 13, 2003, N. mercedis was collected from Lower Granite 
Reservoir, the most upstream impoundment of the lower Snake River, 224 km upstream 
o f John Day Reservoir (C. Haskell, unpublished data). These observations strongly 
suggest that N. mercedis currently exists in all mainstem impoundments o f the lower 
Snake and Columbia rivers. This pattern is coherent with barge traffic on the river; barges 
can navigate into Lower Granite Reservoir to Lewiston, Idaho on the Snake River, but 
cannot travel beyond McNary Reservoir on the Columbia River. W e can infer that mysids 
are able to move upstream through lock operations or are transported upstream via barge 
bilge water.
From 1951-1953, prior to the construction of McNary, The Dalles and John Day 
Dams, extensive benthic surveys revealed caddisfly larvae, mollusks, mayfly nymphs, 
oligochaetes, dipteran larvae, occasional amphipods (scuds) and no mysids near the area 
o f present day McNary Dam (Robeck et al., 1954). Rondorf et al. (1990) thoroughly 
sampled McNary Reservoir from 1980-1982 and found no mysids (verified with personal 
communication). From 1994-1996, N. mercedis was abundant in nighttime net hauls at 
various sites in John Day Reservoir and also in McNary Reservoir immediately upstream 
(C. Haskell, unpublished data). Thus, N. mercedis probably became established in 
McNary Reservoir in the mid- to late 1980’s and earlier in John Day Reservoir. Clearly, 
N. mercedis has been present in John Day and other mainstem reservoirs for many years 
and likely is an important food web component. Perhaps it is a strong interactor that 
controls trophic structure as has been documented for My sis relicta (Loven.), a close 
relative of N. mercedis.
Introduced populations of M. relicta in Nearctic lakes have substantially modified 
lower trophic levels and reduced the abundance of salmonids. After the introduction of 
M, relicta into Flathead Lake, Montana, two dominant cladocerans disappeared from the 
zooplankton community owing to intense mysid predation. Within eight years, the very 
abundant kokanee salmon {Oncorhynchus nerka) population crashed, due in large part to 
M ysis-mcdiated reduction o f cladocerans, the preferred zooplankton forage of the 
kokanee (Spencer et al., 1991). Widespread introductions o f M. relicta throughout North 
America and Scandanavia, intended to provide additional fish forage, have nearly all 
been associated with declines in cladoceran zooplankton and other changes in food web 
structure (Lasenby et al., 1986). Reduction o f cladoceran zooplankton in the lower
Columbia River, assuming food habits o f N, mercedis are similar, could be detrimental to 
juvenile salmon, especially subyearling chinook that prey on cladocerans in reservoir 
habitats (Rondorf et al., 1990).
Dietary plasticity apparently is characteristic of N. mercedis. In Lake 
Washington, Washington, where N. mercedis is native, a declining mysid population 
resulted in substantially increased Daphnia abundance where Neomysis formerly 
excluded it (Murtaugh, 1981). In the Fraser River estuary, British Columbia, N. mercedis 
reportedly fed on a variety o f zooplankton, diatoms and detritus (Johnston and Lasenby, 
1982). However, in the Sacramento-San Joaquin estuary, N. mercedis feeds mostly on 
detritus and diatoms (Kost and Knight, 1975).
Owing to large size, slow swimming speeds and general abundance, N. mercedis 
should be preferred prey for lacustrine fishes. In the Sacramento-San Joaquin estuary, N. 
mercedis is important as prey for striped bass (Morone saxa ta lis\ American shad (Alosa 
sapidissima) and white sturgeon {Acipenser transmontanus) (Siegfried et al., 1979; 
Siegfried and Kopache, 1980; Knutson and Orsi, 1983).
Despite occasional occurrence in stomach contents, N. mercedis does not appear 
to be a major dietary component of salmonids within mainstem Columbia River 
reservoirs where it is known to occur. From mid-April to mid-May of 1982, N. mercedis 
was the most important prey item for subyearling chinook salmon in the Columbia River 
estuary (Kim et al., 1986). However, Muir and Emmett (1988) found N. mercedis in the 
stomach contents o f only 3.4% of subyearling chinook salmon passing Bonneville Dam  
(Rkm 235), the most downstream impoundment on the Columbia.
Life cycle variability is common among M. relicta and is generally related to lake 
productivity. In Lake Tahoe, California, Af. relicta exhibits a four-year life cycle in the 
deep, unproductive portions o f the lake and a one-year life cycle in a shallow, productive, 
embayment (Morgan, 1981). A native population of M. relicta in Waterton Lake 
(Alberta, Canada) has a two to three year life cycle, while in neighboring Flathead Lake, 
Montana, a more productive glacial lake, an introduced population has a one-year life 
cycle (Chess and Stanford, 1998).
Reported life history strategies for N. mercedis are similarly variable. In two 
coastal lakes of British Columbia, Cooper et al. (1992) reported a single generation o f N. 
mercedis being produced each year. However, a bi-voltine life history was reported for 
N. mercedis in Lake Washington, Washington (Murtaugh, 1983) and in the Columbia 
River estuary (Daly and Damkaer, 1986). Mysid life cycle plasticity plays a large role in 
their ability to strongly interact in lacustrine food webs and thereby change trophic 
structure (Chess and Stanford, 1998).
W e examined N. mercedis ecology in John Day Reservoir, Columbia River. Our 
objectives were to: 1) determine spatial and temporal variation in N. mercedis abundance; 
2) examine the life history of N. mercedis; 3) determine temporal differences in the 
stomach contents o f N. mercedis and 4) identify abiotic variables that potentially 
influence the distribution o f N. mercedis in John Day Reservoir. Our results were 
examined in context of potential food web problems especially for juveniles of Columbia 
River anadromous salmonids.
Methods
Study site
John Day Dam and Reservoir (Lake Umatilla) was completed in 1971 and is the 
third upstream dam on the mainstem Columbia River. Located 348 kilometers upstream 
from the Columbia River mouth, the dam impounds 123 km of the Columbia River 
(Figure 1). John Day Reservoir has an average width of 1.79 km, an average depth of 
8.0 m and a surface area o f 198 km^. Hence, the reservoir is a ‘run-of-the-riveF type 
with a mean water retention time of only 7.3 days. Inflow is regulated by upstream 
releases from Grand Coulee Reservoir (Lake Roosevelt, Rkm 960) that pass through four 
other run-of-the-river reservoirs, including McNary immediately upstream. The Snake 
River joins the Columbia at the upstream end o f McNary Reservoir (Rkm 523) and 
contributes additional regulated flow from upstream storage reservoirs. These mainstem 
reservoirs do not stratify.
Field collections
Ten cross-sectional transects were established longitudinally along the reservoir 
(Figure 1). Two, three or four sampling stations were located on each transect. Transects 
included at least one nearshore and one river-center sampling station. Nearshore stations 
were located roughly three boat lengths from shore (18 m) or in at least 3 m water depth, 
whichever came first. Two additional stations were established in a backwater near 
Arlington, Oregon, and one more was established 100 m inside the John Day River Arm. 
These forty sites were sampled over 3-day periods in October and December 2000 and 
March, June, and August 2001.
Figure 1. Sampling sites in John Day Reservoir, Columbia River. Numbers denote 
samples collected along cross-sectional transects identified by river 
kilometer (distance from the river-ocean confluence).
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Mysids were collected using a i m  diameter 500 p.m mesh and bucket, 
W isconsin-style net hauled from bottom to surface. Samples were preserved in ethanol. 
At each sampling location, a vertical profile of water quality variables (temperature, pH, 
oxidation reduction potential, conductivity, fluorescence and water clarity) was obtained 
using a Seabird Model 25 CTD-type profiler. During the March, June and August 2001 
samplings, dissolved oxygen and percent saturation of dissolved oxygen was obtained 
using a Hydrolab Surveyor III profiler.
During the August sampling period, we collected zooplankton to estimate the 
abundance o f potential N. mercedis prey items. Zooplankton were collected at the deepest 
point o f every cross section, the John Day River, and the Arlington backwater site. 
Zooplankton hauls were conducted using a 30 cm diameter, 64 |Lim mesh zooplankton net. 
Zooplankton hauls were from 10 m to the surface except locations less than 10 m deep, 
where 5 m to surface was used. Zooplankton were anaesthetized with CO2 and preserved 
in 95 % ethanol.
We also acquired John Day Dam discharge and water temperature data for the 
reservoir (http://www.cqs.washington.edu/dart/dart.html). Water velocity coverage was 
computed from an existing two-dimensional water velocity model (USGS, 1999). Mean 
water column velocities were computed at discharges of 2832 m^/s (100,000 ftVs) and 
8495 mVs (300,000 ftVs) at a normal operating pool of 80.4 m. These two discharge 
scenarios generally represented the expected mean monthly minimum and maximum  
discharges from John Day Dam over the annual cycle (Figure 2).
Figure 2. Mean monthly discharge from John Day Dam during Neomysis sampling.
Bold line represents the ten-year average and the thin line represents 2000- 
2001 values.
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W e also acquired substratum coverage o f the reservoir bottom from a digital atlas 
created by the USGS, Western Fisheries Research Center (USGS, 1999). Based on point 
data collected in the 1980’s, patches of homogeneous substrate types were related to 
bathymetry using NOAA Navigation Charts at a scale o f 1:20,000. Substratum patches 
were digitized from hand-drawn maps and each patch was assigned one of sixteen 
classes: clay/silt, clay/silt-gravel, sand-clay/silt, sand, sand-gravel, gravel-clay/silt, 
gravel-sand, gravel, gravel-cobble, cobble-gravel, cobble, cobble-boulder, boulder- 
cobble, boulder, and bedrock. A hyphenated classification denoted a mixed substrate 
type. The classes referred to the following grain sizes: clay/silt (0.00023 - <0.062 mm), 
sand (0.062 - <2 mm), gravel (2 - <64 mm), cobble (64 - <250 mm), boulder (250 - 
<4000 mm), bedrock (> 4000 mm). Spatial differences in N. mercedis abundance were 
examined in relation to these substratum classes on the reservoir bottom. Substrate 
coverage was compared to spatial differences in N. mercedis abundance.
We expected that N. mercedis in John Day Reservoir exhibit a diel vertical 
migration (DVM) common to M. relicta (Chess and Stanford, 1998; Chipps and Bennett, 
2000) and N. mercedis in the Columbia River estuary (Davis, 1979). During our first 
sampling trip, we tested this by replicating four nighttime samples during the daytime. 
W e did not catch any N. mercedis in daytime samples. Thereafter, all net hauls were 
conducted at night for the duration of the study as we concluded that DVM  was in fact 
occurring. We defined night as one hour after sunset to one hour before sunrise. 
Laboratory methods
In the laboratory, ethanol was removed from samples and mysids were 
enumerated. Identification followed Daly and Holmquist (1986). Body shape was
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usually curled after exposure to preservative, so length was recorded as dorsal carapace 
length (apex o f the rostrum to the posterior end o f the carapace along the dorsal midline) 
to the nearest 0.1 mm. One hundred and eighteen N. mercedis were randomly selected 
and a total length (apex o f rostrum to the posterior end of the telson) was recorded. A  
total length to carapace length regression was formulated.
Male mysids were identified by the presence of a biramous fourth pleopod and 
females were identified by the presence of a brood pouch. Juveniles were classified as all 
individuals smaller than the smallest egg-bearing female that did not have a biramous 
fourth pleopod (swimming leg). Eggs from gravid females were teased from the brood 
pouch, staged (Mauchline, 1980) and counted. A length to egg number regression was 
formulated for gravid females.
Ethanol was removed from zooplankton samples, and zooplankton samples were 
diluted to a concentration where at least 100 individuals would be counted from each of 
three, 1 ml aliquots. Mean abundance (number m^) represented the mean of the three 
aliquots, multiplied by the dilution factor and divided by the volume sampled. 
Zooplankton taxonomic identification followed Edmondson (1959) and Pennak (1989).
For diet analysis, six adult N. mercedis were randomly selected from each 
sampling period. The foreguts were carefully dissected out and placed on a microscope 
slide. Foreguts were gently teased apart and mounted in glycerin or water. Individual 
prey items were typically fragmented, therefore zooplankton were identified based on 
distinguishable body parts o f each taxa at lOOX. Caudal rami were used to identify 
copepods. Bosmina longirostris were identified by the rostrum and Daphnia spp. were 
identified by the unique anal spine. Rotifers were usually intact. For diatoms, only a
12
presence or absence assessment was made because only pieces were present. Diet items 
were identified following the keys of Edmondson (1959) and Pennak (1989).
D ata analysis
N. mercedis and zooplanton abundance were expressed as number per m' .̂ 
Abundance estimates represented the number o f individuals caught in the entire water 
column per sample site. Mean abundance estimates and standard errors were calculated 
for each sample period and for each transect. N. mercedis abundance was examined for 
spatial and temporal trends and zooplankton abundance was examined for spatial trends. 
For comparison with N. mercedis abundance from other studies, we converted our 
abundance estimates to number m'  ̂estimates by multiplying our abundance by sample 
depth.
Water quality variables collected using the CTD and Hydrolab profilers indicated 
that the water column was continually mixed (unstratified) (Figure 3). Therefore, we 
used water column means at each sampling station for interpretation and statistical testing 
of relations among water quality variables, mysid spatial distribution, and life history 
stage (body length). Water quality variables were examined for spatial and temporal 
trends.
All variables were checked for normality using normal probability plots.
Variables did not meet the assumptions of normality and non-constant variance despite 
attempts at transformation. Therefore, Spearman correlation coefficients were used to 
assess the relationship between N. mercedis abundance, mean N. mercedis length and all 
other variables (Zar, 1999). The sample trip variable represented the sequential day of the 
year when a given sample was collected.
13
Figure 3. Vertical profiles of water temperature (A), pH (B), dissolved oxygen (C), 
oxygen percent saturation (D), conductivity (E) and oxidation reduction 
potential (F) collected in August 2001 at Rkm 356 of John Day Reservoir.
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Results
R iver conditions
During our study, river discharge ranging from 2000 to 3923 s ' \  well below
the longer term norm (Figure 2). Nonetheless, the water temperature pattern during our 
study was about average (Figure 3). Moreover, in the August 2001 period at River 
Kilometer 356, there was less than a 2-degree °C difference between surface and bottom 
water temperature. Other water quality variables were similarly uniform within the water 
column (Figure 2). We concluded that the reservoir does not stratify owing to shallow 
depth and short water turnover time.
Indeed, longitudinal variations in water quality data also were small. Mean water 
temperature was highest in the John Day River and forebay and lowest in the tailrace, 
however mean temperature differences between forebay and tailrace were less than 2 °C 
(Figure 5A). Conductivity, pH, and fluorescence were greatest in the backwater-sampling 
site (Figure 5B, 5C, 5E). Fluorescence and pH were lowest at the John Day River site, 
probably reflecting influences of the tributary inflow.
Seasonal fluctuations in water quality variables were greater than spatial 
fluctuations. Mean water temperature ranged from 6.1 °C in December to over 21 °C in 
August (Figure 6A). Mean conductivity peaked in the March sampling trip at 194.6 uS 
(Figure 6B). Seasonal trends in pH and fluorescence were similar (Figure 6C, 6E), 
peaking in May at a pH o f 8.8 and a fluorescence of 20.3 mg/m^. Oxidation reduction 
potential ranged from 256.4 mv in October to 205.7 mv in May (Figure 6D).
16
Figure 4. Mean monthly water temperature from John Day Dam during Neomysis 
sampling. Bold line represents the ten-year average and the thin line 
represents 2000-2001 values.
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Figure 5. Mean (SE) variation of water temperature (A), conductivity (B), pH (C), 
oxidation-reduction potential (D), and fluorescence (B) from selected 
locations in John Day Reservoir.
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Figure 6. Mean (SE) variation o f water temperature (A), conductivity (B), pH (C), 
oxidation reduction potential (D), and fluorescence (E) from Neomysis 
mercedis sample periods in John Day Reservoir.
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The McNary Dam tailrace (head o f John Day Reservoir) is characterized by 
higher water velocity and hard substratum while the forebay is characterized by lower 
water velocity and soft substratum (Figures 7, 8A, 8B). Sediment data indicated that the 
mid to lower portion of John Day Reservoir was primarily composed of soft textured clay 
and silt. A transitional area in mid reservoir was primarily sand and gravel and the upper 
portion of the reservoir was predominately gravel and cobble (Figure 7). The two- 
dimensional water velocity model indicated a velocity range of 0 to 3.5 cm/s at a 
discharge of 2832 m^/s (Figure 8A) and a velocity range of 0 to greater than 4.5 cm/s at 
8495 m^/s (Figure 8B). In both scenarios water velocity was greatest in the tailrace and 
least in the mid to lower reservoir.
Spatial distribution
We collected 2,101 mysids total in 200 samples. All were N, mercedis. Mysids 
were present at all sites but a marked decrease in abundance occurred from downstream 
to upstream with the least abundance observed in the McNary tailrace area (Rkm 437 to 
467) at the upstream end of the reservoir. Mean N. mercedis abundance was greatest in 
the John Day River sampling station, Arlington backwater stations and downstream sites 
near the dam (Figure 9).
Mean abundance was greatest in May through October samples, peaking in 
August (1.6 m'^) and lowest in the December and March samples (mean = 0.14 m^) 
(Figure 10). Sample abundance ranged from 0 to i 8.7 m' .̂ Ninety-three of the 200 
samples collected did not contain any N. mercedis.
23
Figure 7. Substrate composition map of John Day Reservoir, Columbia River.
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Figure 8. Simulated water velocity map of John Day Reservoir, Columbia River.
Colors represent mean water column velocities and are computed from a 
two-dimensional model run at normal operating pool at a discharge of 100 
KCFS (A) and 300 KCFS (B).
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Figure 9. Mean (SE) abundance of Neomysis mercedis collected at selected
locations in John Day Reservoir.
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Figure 10. Mean (SE) abundance of Neomysis mercedis collected during individual
sample periods in John Day Reservoir.
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Spearman correlation coefficients corroborated our observation that N. mercedis 
abundance was positively associated with increased sample depth and distance from John 
Day Dam (Table 1). Abundance was weakly correlated with fluorescence, conductivity, 
and transmissivity. There was no correlation between abundance and pH, oxidation- 
reduction potential, dissolved oxygen, conductivity, and transmissivity. N. mercedis 
length, as a surrogate for growth, was associated with conductivity for unknown reasons 
and with sample period owing to annual growth (Table 1).
Life history
A total o f 2,071 N. mercedis was measured for length frequency analysis. The 
smallest egg-bearing female had a carapace length of 2.5 mm. Juveniles were therefore 
classified as all individuals less than 2.5 mm carapace length. Least squares regression 
indicated a strong linear relationship between total length and carapace length (Figure 
11). Brood size ranged from 1 to 40. A weaker but still significant relationship existed 
between female carapace length and total egg number (Figure 12).
Juveniles were present in all sampling periods, but examination of length 
frequency distributions indicated large pulses of juveniles released during the May and 
October sampling periods (Figure 13). Large N. mercedis (> 4 mm carapace length) were 
absent from the August and October sample periods. This pattern demonstrated that at 
least two generations per year are produced, suggesting relatively high mysid production.
Prey abundance and Neomysis diet
Rotifers, cyclopoid copepods, Daphnia, and Bosmina were the must abundant 
zooplankters collected in John Day reservoir (Table 2). Mean abundance of all major
32
Table 1. Spearman correlation coefficients (rs) and p-values relating Neomysis 
mercedis mean abundance and length with various reservoir attributes. 
Bold coefficients and p-values denote significance.
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N. mercedis 
abundance
Mean N. mercedis 
length (mm)
Depth (m) r = 0.22, p  <  0.0001 r = -0.01, p  = 0.900
Cross-Sectional Location r = -0.17, p  = 0.020 r = -0.19, p  = 0.060
River Kilometer r = -0.52, p  < 0.0001 r = -0.10, p  = 0.318
Sample Period r = 0.25, p  — 0.0004 r = 0.35, p  = 0.001
Water Temp (°C) r = 0.46, p  < 0.0001 r = -0.10, p  = 0.315
pH r = -0.08, p  = 0.246 r = 0.21, p  = 0.044
Oxidation Reduction Potential (mv) r = 0.09, p  — 0.202 r = -0.20, p  = 0.046
Conductivity (uS) r = -0.16, p  = 0.024 r = 0.34, p  = 0.001
Fluorescence (mg/m^) r = 0.14, p  — 0.048 r = 0.19, p  = 0.065
Transmissivity (%) r = -0.20, p  = 0.006 r = -0.06, p  = 0.575
34
Figure 11. Bivariate plot and least squares regression for Neomysis mercedis total
length (mm) vs. carapace length (mm).
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Figure 12. Bivariate plot and least squares regression equation for Neomysis mercedis
egg number vs. carapace length (mm).
37
0)
-Qe
3
z
O)
O)
LU
45 1
40 -
35 - y = 10.358X-22.634 
= 0.4233 
n=15930 - ♦  ♦
25 -
20  -
15 -
♦  ♦
♦ ♦
4.5 5 5.53 3.5 42 2.5
C arapace Length (mm)
38
Figure 13. Length frequency plots o f Neomysis mercedis for each sampling period.
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Table 2. Mean zooplankton abundance o f individual taxa from vertical net hauls in 
John Day Reservoir, Columbia River, August, 2001.
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Taxa Mean abundance 
(number m‘̂ )
Daphnia
Daphnia galeata-mendotae 69.44
Daphnia retrocurva 787.96
Bosm ina
Bosmina longirostris 131.94
Copepods
Cyclops vem alis 1,878.47
Epischura lacustris 27.08
Diaptomus ashlandi 207.41
Nauplii 4,262.04
Rotifers
Trichocerca spp. 7,935.19
Polyarthra spp. 15,691.67
Asplanchna spp. 20.37
Keratella cochlearis 10,067.36
Lecane spp. 2,085.19
Brachionus spp. 25.00
Kellicoîtia longispina 24.07
Unidentified Rotifers 308.33
Others
Monospilus dispar 3.24
Diaphanosoma brachyurum 25.23
Simocephalus spp. 3.70
Chydorus sphaericus 6.94
Unidentified cladocerans 5.09
Tardigrada 38.43
Oligochaeta 3.70
Hydroida 17.59
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zooplankton taxa was lowest in the McNary Dam tailrace portion of John Day reservoir 
(Figure 14). Bosmina, Copepods, and Daphnia all exhibited similar spatial trends with 
the highest abundance in the forebay or nearby sampling sites. Rotifers were generally 
highest mid to lower portion of the reservoir, but not at the forebay transect (Rkm 356). 
Overall, the zooplankton community of John Day reservoir is strongly dominated by 
rotifers.
Stomach content analysis demonstrated that N. mercedis primarily ate Bosmina 
longirostris, rotifers and Daphnia. B. longirostris was the primary food item in the 
December, May and October sample periods (Figure 15). Rotifers were present in gut 
contents in all sample periods, but were the dominant food item in March. Daphnia was 
the dominant food item in August. Daphnia are most abundant in John Day during mid­
summer (C. Haskell, unpublished data). Rotifers collected from stomach contents were 
primarily Kerratella cochlearis and Trichocerca spp. The filamentous diatoms Melosira 
spp. and Fragillaria  spp. were present in most stomachs, however, the presence of many 
small fragments made quantification impractical.
Discussion
Abundance and spatial distribution
Neomysis abundance in John Day Reservoir was generally lower than that found 
in other studies, but higher than those described by Daly and Damkaer (1986) for the 
Columbia River Estuary where it is native (Table 3). Our estimates were also lower than 
the 600 m'  ̂observed in similar net hauls from near John Day Dam in August 1994 (J. 
Stanford, unpublished data). Probably abundance varies from year to year owing to
43
Figure 14. Mean (SE) abundance of Bosmina longirostris, copepods, Daphnia spp., 
and rotifers from selected locations in John Day Reservoir, Columbia 
River.
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Figure 15. Relative percentage of prey items collected from Neomysis mercedis
stomach contents for each sampling period. Others include Chydorus spp., 
ostracods and Illyocryptus spp. Taxonomic identifications are given in 
Figure 2.
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Table 3. Reported maximum abundance o f Neomysis mercedis from other studies.
48
Water Body Maximum Neomysis mercedis 
abundance (number m' )̂
Sacramento San Joaquin Estuary 7000
Frasier River Estuary 1000
John Day Reservoir, Columbia River® 200
Kennedy Lake, B.C. 126
Columbia River Estuary® 33
Lake Washington, Seattle 16
____ - 3 ____ -2 ' "
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the rapid water turnover time of the reservoir. In any case, Neomysis is abundant enough 
to confidently conclude that it is a significant food web component of the reservoir.
Our data suggest that Neomysis abundance in John Day Reservoir is limited, at 
least in part, by physical processes. Abundance was greatest in low water velocity 
habitats and least in McNary tailwater portions of the reservoir. The bottom consisted of 
gravel and cobble in the tailwaters apparently related to higher water velocity associated 
with releases from McNary Dam. At the forebay and mid reservoir sampling sites, the 
bottom consisted o f fine sediments.
Tidal stream transport in estuaries creates extreme variation in water velocity and 
a variety o f adaptive strategies by mysids have been observed. M esopodopsis slabberi 
reduces net downstream displacement by remaining close to the substrate during an ebb 
tide and then rising up into the water column on an incoming tide where it is pushed 
upstream (Wooldridge and Erasmus, 1980). Gastrosaccus brevifissura migrates to 
nearshore areas of slower water velocity during an incoming tide in the Gamtoos River 
Estuary, South Africa (Schlacher and Wooldridge, 1994). N  integer maintains position 
in the Convy Estuary by increasing swimming speed on the incoming tide to counter 
downstream displacement during an ebb tide (Hough and Naylor, 1992).
Keeping in mind that mysids spend daylight period on the bottom, the texture of 
the bottom likely is important in determining ability of mysids to maintain position if  
water velocity varies. Heubach (1969) found that water velocity in excess of 0.12 m s'̂  
prevented upstream movement of mysids. The estuarine mysid Neomysis integer had 
increased ability to maintain position with mud bottom instead as opposed to shifting 
sand in laboratory trials where water velocity was greater than 0.06 m s'* (Roast et al.,
50
1998). N. mercedis is likely better able to maintain position on mud bottoms where either 
the shear stress is lower or substratum more stable or both. In John Day Reservoir, that 
type o f habitat primarily exists in forebay and backwater areas where low water velocity 
and soft substrate occur. However, in the tailrace portion of the reservoir, water velocities 
in excess o f 0.05 m s'̂  during peak annual flows probably move mysids downstream as 
they attempt to rise in the water column to feed on potential prey items, and therefore 
create less than ideal conditions for them to flourish as they do in forebay and backwater 
habitats.
Clearly, the altered flow regima and variable bottom textures resulting from 
entrapment of fine sediments on the reservoir bottoms near the dams at least create more 
suitable habitat for Neomysis in the Columbia River today than existed prior to 
impoundment. Moreover, Columbia River reservoirs may benefit Neomysis by 
moderating high water velocity during peak runoff periods that historically formed a 
hydraulic barrier to upstream movement from the estuary. Neomysis is well established 
in John Day Reservoir and is likely well established in lower Snake River reservoirs as 
well.
Life history and diet
Our length frequency analysis assumed that the growth of successive cohorts is 
similar and that growth patterns do not vary from year to year. Large pulses of juveniles 
were released from broods in the late spring and again in early autumn indicating that 
while Neomysis reproduction occured throughout the year, two primary generations were 
produced annually. Over wintering adults produced the first generation in late spring. 
This first generation quickly matured and produced another generation in late summer.
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The absence o f adult Neomysis in the August and October sample periods indicated that 
larger bodied individuals were either limited by available food resources, size selectively 
predated by fishes or simply died after reproduction. The weak relationship between 
ovigerous female body and brood size was related to the tendency of eggs to be released 
from the brood chamber either during net capture or after exposure to preservative.
Food habits analysis indicated that Neomysis in John Day Reservoir were 
competitors o f planktivorous fishes including subyearling chinook salmon, primarily 
feeding on B. longirostris, rotifers and Daphnia. Diatoms, present in nearly all stomachs, 
do not necessarily represent a food item. They may only be incorporated into the gut 
while feeding on other prey items and due to their siliceous composition, remain 
undigested in the gut. However, Neomysis food habit literature indicates that Neomysis 
typically feeds on both diatoms and zooplankton (Kost and Knight 1975). This suggests 
that Neomysis has two feeding modes, a predaceous one in which it seeks out 
zooplankton prey and a more sedentary one in which it eats diatoms. The observed 
seasonal variation indicated that Neomysis food habits are dictated by the seasonal 
abundance o f zooplankton. Indeed, an earlier study of John Day Reservior showed that 
large bodied zooplankton, such as Daphnia, are most numerous in mid-summer and crash 
in late August (C. Haskell, unpublished data). Predation by Neomysis may play a large 
role in limiting abundance of large, less mobile cladocerans as has been documented in 
other studies (Murtaugh 1983).
Implications
Columbia River food habit literature (summarized by Independent Scientific 
Group 2000) indicates that Neomysis is not a dominant food item of Columbia River
52
fishes although detailed food habit studies are limited. Potential mysid predators, 
particularly juvenile salmon and juvenile American shad, generally stay high in the water 
column in the mainstem reservoirs (Independent Scientific Group 2000). Plus, they are 
daytime feeders that cannot use the mysid resource that stays on the bottom during the 
day. On the other hand, the mysids clearly prey heavily on the large zooplankton that 
would otherwise be food for these fishes.
Presence o f Neomysis in the Columbia River is unique because it is an upstream 
dispersal of a historically estuarine organism. Clearly this estuarine mysid can flourish in 
lacustrine freshwaters as well as in brackish environments. Its close relative, M. relicta, 
has dispersed and colonized downstream from headwater lakes where it was introduced 
and has caused profound food web changes to the detriment of native fish communities 
(Lasenby et al., 1986, Chess and Stanford. 1998). N. mercedis appears to have the same 
potential for inducing deleterious changes to Columbia River food webs. Food web 
interactions, deleterious to juvenile salmon migrating through the lower Snake and 
Columbia rivers, may already be occurring.
While our study confirms upstream colonization and life cycle and zooplankton 
diet in John Day Reservoir, a robust understanding of the ecological role that Neomysis 
plays in Columbia River food webs seems critical for native fish recovery and the future 
management of the river. Another historically estuarine invertebrate, the amphipod 
Corophium salmonis, has extended its range up the Columbia River and into Lower 
Granite Reservoir, Snake River (Nightengale and Bennett, 1996). However, it also does 
not appear to be a major food item o f juvenile salmonids there as it is in the lower 
Columbia River (Muir and Emmett, 1988). The spatial abundance and role of C. salmonis
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in reservoir food webs is unknown, further underscoring the need to better understand the 
role o f estuarine amphipods in the Columbia and Snake River reservoirs.
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Appendix
Table A-1. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (rkm) of John Day Reservoir, Columbia River using a Hydrolab Surveyor III.
Profiles were conducted from March 16, 2001 to March 19, 2001.
site depth
(m)
temp
CC)
pH
units
DO
(mg/L)
DO 
(% sat)
conductivity
(uS)
redox
(mv)
John Day mean 9.63 7.32 8.39 12.05 99.65 200.62 548.37
River min 0.10 6.07 8.26 10.99 95.90 190.00 546.00
max 22.00 9.53 8.50 12.77 102.50 212.00 552.00
Rkm 356 mean 20.55 5.76 8.59 13.33 106.18 183.81 531.81
min 0.10 5.69 8.56 13.18 104.80 182.00 531.00
max 45.00 5.91 8.66 13.53 108.20 186.00 533.00
Rkm 364 mean 12.97 5.91 8.62 13.31 106.43 190.00 519.50
min 0.10 5.86 8.61 13.22 105.60 187.00 518.00
max 27.70 5.97 8.64 13.43 107.40 192.00 521.00
Rkm 370 mean 15.67 5.95 8.61 13.31 106.52 188.77 513.11
min 0.10 5.86 8.58 13.17 105.30 187.00 511.00
max 35.00 6.12 8.66 13.50 108.50 190.00 515.00
Rkm 382 mean 12.97 5.95 8.61 12.25 98.15 190.16 611.91
min 0.10 5.94 8.59 12.15 97.30 186.00 611.00
max 34.60 5.96 8.63 12.38 99.10 192.00 613.00
Rkm 392 mean 2.62 6.08 8.71 12.45 100.16 187.40 693.40
min 0.10 6.06 8.70 12.44 100.00 186.00 690.00
max 6.10 6.14 8.72 12.48 100.30 189.00 697.00
Rkm 399 mean 9.11 6.03 8.58 12.24 98.26 190.80 637.10
min 0.10 6.02 8.55 12.17 97.70 190.00 636.00
max 25.20 6.09 8.60 12.39 99.40 191.00 639.00
Rkm 437 mean 7.98 6.23 8.49 12.99 104.66 201.50 505.00
min 0.10 6.19 8.47 12.94 104.10 200.00 504.00
max 16.80 6.27 8.51 13.05 105.30 204.00 506.00
Rkm 446 mean 5.80 6.49 8.44 12.96 105.84 202.80 642.80
min 0.10 6.47 8.44 12.89 105.70 202.00 642.00
max 12.90 6.52 8.45 12.99 106.00 203.00 644.00
Rkm 459 mean 4.44 6.12 8.42 13.01 105.20 199.42 570.42
min 0.10 6.11 8.41 12.91 104.40 198.00 567.00
max 10.00 6.16 8.43 13.14 106.30 201.00 574.00
Rkm 467 mean 3.82 6.11 8.43 13.05 105.58 201.80 588.00
min 0.10 6.11 8.43 13.00 105.20 201.00 588.00
max 9.00 6.14 8.43 13.09 105.80 203.00 588.00
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Table A-2. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Hydrolab Surveyor III.
Profiles were conducted from May 21, 2001 to May 25,2001.
site depth
(m)
temp
CC)
pH
units
DO
(mg/L)
DO 
(% sat)
conductivity
(uS)
redox
(mv)
John Day mean 9.57 15.69 8.35 9.75 98.06 142.14 545.33
River min 0.10 14.15 8.06 9.00 96.60 110.00 528.00
max 23.50 18.00 8.61 10.14 98.80 184.00 556.00
Arlington mean 5.14 15.12 8.84 11.15 112.30 173.14 627.85
Cove min 0.10 10.82 7.88 4.37 39.20 158.00 613.00
max 14.90 18.75 9.15 13.12 134.80 220.00 658.00
Rkm 356 mean 12.03 15.11 8.81 11.64 114.34 179.75 538.50
min 0.10 14.22 8.10 10.58 102.00 174.00 531.00
max 30.20 16.19 9.04 12.42 124.70 182.00 548.00
Rkm 364 mean 6.97 15.25 8.89 11.93 117.85 173.00 565.40
min 0.10 14.35 8.60 10.97 104.60 171.00 565.00
max 19.70 16.04 9.06 12.54 126.90 176.00 566.00
Rkm 370 mean 11.90 14.40 8.73 10.90 106.32 173.55 627.66
min 0.10 14.20 8.58 10.20 99.00 171.00 610.00
max 29.00 14.72 8.98 12.12 119.00 176.00 633.00
Rkm 382 mean 13.03 14.84 8.74 11.48 113.78 152.36 550.90
min 0.10 14.15 8.54 10.59 103.60 150.00 538.00
max 32.30 15.99 9.01 12.96 128.20 156.00 561.00
Rkm 392 mean 13.02 14.85 8.76 11.53 114.63 149.63 658.27
min 0.10 14.02 8.48 10.39 101.30 147.00 645.00
max 32.20 16.56 9.14 13.17 135.60 153.00 667.00
Rkm 399 mean 8.78 14.97 8.81 11.80 117.63 145.00 570.88
min 0.10 14.17 8.60 10.98 107.30 144.00 554.00
max 23.00 16.27 9.05 12.88 131.80 146.00 585.00
Rkm 437 mean 6.48 14.96 8.62 11.72 117.25 143.25 606.37
min 0.10 14.65 8.54 11.49 114.10 143.00 598.00
max 15.80 16.17 8.82 12.28 125.50 144.00 608.00
Rkm 446 mean 4.95 15.51 8.62 11.55 116.55 144.71 464.14
min 0.10 15.39 8.60 11.47 115.30 144.00 459.00
max 13.60 15.79 8.67 11.61 117.70 145.00 470.00
Rkm 459 mean 4.55 15.09 8.55 11.38 113.70 146.00 480.42
min 0.10 15.09 8.49 11.33 113.00 146.00 478.00
max 10.80 15.12 8.58 11.42 114.20 146.00 482.00
Rkm 467 mean 3.31 15.26 8.64 11.59 116.25 146.66 478.66
min 0.10 15.24 8.63 11.52 115.40 146.00 476.00
max 8.80 15.34 8.66 11.70 117.40 147.00 481.00
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Table A-3. Mean, minimum and maximum values for water quality variables of vertical profiles collected
at selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Hydrolab Surveyor III.
Profiles were conducted from August 28,2001 to August 30, 2001.
site depth
(m)
temp
CC)
pH
units
DO
(mg/L)
DO
(% sat)
conductivity
(uS)
redox
(mv)
John Day mean 8.62 22.26 8.06 7.84 90.76 144.33 546.88
River min 0.10 21.47 7.83 7.09 81.20 140.00 514.00
max 21.50 23.78 8.42 9.06 107.80 149.00 568.00
Arlington mean 5.04 21.83 8.34 9.39 107.14 141.00 512.71
Cove min 0.10 21.31 8.13 8.89 100.20 141.00 499.00
max 10.20 23.02 8.59 10.12 116.40 141.00 523.00
Rkm 356 mean 15.29 21.80 8.18 8.37 95.89 139.33 675.33
min 0.10 21.42 7.99 7.84 89.10 139.00 662.00
max 37.40 23.02 8.39 8.94 104.70 140.00 686.00
Rkm 364 mean 10.87 21.93 8.30 8.69 99.81 139.60 579.10
min 0.10 21.43 8.07 8.08 91.60 139.00 561.00
max 27.60 23.64 8.51 9.26 108.70 140.00 599.00
Rkm 370 mean 11.07 22.01 8.30 8.84 101.82 140.10 544.50
min 0.10 21.31 8.00 8.10 92.20 139.00 517.00
max 29.60 23.27 8.64 9.74 113.20 141.00 570.00
Rkm 382 mean 15.14 21.59 8.26 9.25 105.08 140.58 483.91
min 0.10 21.33 8.05 8.70 98.20 140.00 463.00
max 35.60 22.22 8.55 10.13 116.30 141.00 501.00
Rkm 392 mean 13.00 21.66 8.39 9.65 109.82 141.72 477.54
min 0.10 21.22 8.12 8.87 100.00 141.00 460.00
max 31.90 22.97 8.65 10.46 120.20 142.00 496.00
Rkm 399 mean 8.68 21.48 8.43 9.92 112.72 143.44 478.66
min 0.10 21.13 8.09 8.99 101.20 143.00 465.00
max 22.10 21.98 8.72 10.76 123.10 144.00 496.00
Rkm 437 mean 5.15 20.98 8.31 9.35 105.71 143.28 578.71
min 0.10 20.68 8.16 9.00 101.10 143.00 564.00
max 15.00 21.91 8.48 9.65 110.70 144.00 591.00
Rkm 446 mean 6.62 20.69 8.15 9.05 101.68 142.87 521.00
min 0.10 20.53 8.09 8.96 100.20 142.00 508.00
max 16.90 21.47 8.25 9.17 104.50 143.00 528.00
Rkm 459 mean 3.05 20.75 8.15 9.23 103.91 142.00 486.83
min 0.10 20.73 8.12 9.19 103.40 142.00 475.00
max 7.20 20.78 8.19 9.26 104.20 142.00 495.00
Rkm 467 mean 3.23 20.77 8.17 9.32 104.98 142.00 488.00
min 0.10 20.75 8.16 9.24 104.00 142.00 480.00
max 8.30 20.78 8.18 9.44 106.20 142.00 494.00
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Table A-4. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Seabird CTD. Profiles
were conducted from September 2 6 ,2(X)0 to October 19, 2000.
site depth
(m)
temp.
('‘C)
pH
units
OR? 
( mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
Arlington mean 5.76 15.24 8.53 270.75 173.75 8.50 50.26
Cove East min 2.00 15.16 8.45 252.01 171.19 7.71 44.06
max 10.00 15.50 8.70 276.39 176.37 10.71 55.43
Rkm 356 mean 10.75 18.71 8.27 293.79 140.66 3.30 60.12
Near WA min 2.00 18.67 8.23 287.26 139.33 3.15 47.81
max 20.00 19.16 8.40 333.78 141.36 4.09 88.52
Rkm 356 mean 21.25 18.59 8.25 295.06 142.67 3.81 55.32
Center min 2.00 18.44 8.17 263.42 140.60 3.34 30.70
max 41.00 18.77 8.37 301.87 160.76 5.95 64.07
Rkm 356 mean 19.25 18.57 8.25 291.81 145.21 4.43 53.13
Va from OR min 2.00 18.30 8.16 282.69 140.61 3.49 28.26
max 37.00 18.77 8.38 298.69 169.03 8.26 64.03
Rkm 356 mean 8.25 18.66 8.27 285.04 140.76 4.41 47.13
Near OR min 2.00 18.62 8.24 264.41 140.52 3.77 31.97
max 15.00 18.69 8.29 289.76 140.84 4.85 51.27
Rkm 364 mean 9.75 18.39 8.37 275.93 141.61 4.81 56.88
Near WA min 2.00 18.38 8.34 269.94 141.50 4.55 36.44
max 18.00 18.41 8.39 281.46 141.66 5.09 59.23
Rkm 364 mean 15.25 18.26 8.33 282.33 141.72 3.97 57.17
Center min 2.00 18.22 8.28 275.31 141.67 3.47 37.87
max 29.00 18.45 8.46 287.97 141.79 5.38 60.87
Rkm 364 mean 13.75 18.41 8.28 278.70 141.20 3.92 56.28
Va from OR min 2.00 18.21 8.26 272.06 140.80 3.31 44.93
max 26.00 18.55 8.31 295.34 141.72 6.04 60.69
Rkm 370 mean 9.25 21.28 8.43 254.27 150.14 9.02 54.20
Near WA min 2.00 21.20 8.33 249.35 149.95 8.14 14.24
max 17.00 21.61 8.63 257.52 150.33 10.43 58.59
Rkm 370 mean 11.25 18.07 8.34 278.03 142.74 3.95 55.61
V a from WA min 2.00 18.04 8.31 269.52 142.54 3.61 51.72
max 21.00 18.10 8.77 282.45 146.15 4.39 57.74
Rkm 370 mean 14.75 18.10 8.33 274.33 142.21 4.09 52.89
Center min 2.00 18.03 8.29 260.04 141.88 3.64 29.58
max 28.00 18.12 8.85 280.75 150.13 4.77 59.71
Rkm 370 mean 15.75 18.10 8.25 267.14 142.33 5.67 48.25
Near OR min 2.00 18.03 8.11 257.45 141.85 3.58 26.97
max 30.00 18.23 8.29 278.14 149.54 18.85 58.39
Rkm 382 mean 6.76 15.14 8.17 254.26 179.16 9.82 58.87
Near WA min 2.00 15.13 7.60 246.66 179.15 8.34 57.78
max 12.00 15.14 8.47 259.54 179.18 10.21 60.75
Rkm 382 mean 12.50 15.19 8.57 263.33 179.01 125.10 60.69
V a from WA min 2.00 15.15 8.53 259.74 178.25 114.02 59.76
max 21.00 15.24 8.59 266.04 179.14 135.80 61.23
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site depth
(m)
temp.
CC)
pH
units
ORP 
( mv)
cond.
(uS)
fluor.
(mg/m^>
xmiss.
(%)
Rkm 382 mean 11.25 15.18 8.62 265.64 179.05 10.69 58.04
Center min 2.00 15.15 8.59 253.54 178.93 9.86 40.20
max 21.00 15.24 8.65 269.93 179.14 11.91 58.96
Rkm 382 mean 18.25 15.16 8.59 266.59 178.41 9.20 54.59
Near OR min 2.00 15.12 8.53 217.10 131.93 3.68 30.09
max 35.00 15.28 8.71 274.07 179.20 12.32 77.76
Rkm 392 mean 2.33 15.12 8.59 249.31 173.98 8.94 44.66
Near WA min 2.00 15.11 8.56 235.46 173.88 7.62 1.56
max 3.00 15.12 8.61 262.15 174.04 9.67 64.53
Rkm 392 mean 15.75 15.14 8.55 256.78 173.25 8.22 57.75
V4 from WA min 2.00 15.08 8.53 247.69 171.59 7.71 44.59
max 30.00 15.20 8.61 263.08 176.08 9.58 62.36
Rkm 392 mean 12.25 15.13 8.59 247.89 176.34 9.40 53.93
Center min 2.00 15.10 8.56 238.46 176.17 8.77 49.63
max 23.00 15.17 8.64 254.70 176.57 10.67 60.08
Rkm 392 mean 2.80 15.23 8.63 245.00 170.63 9.53 51.26
Near OR min 2.00 15.23 8.47 225.98 169.24 5.14 33.00
max 4.00 15.23 8.66 254.70 170.89 11.21 83.85
Rkm 399 mean 6.76 15.21 8.53 263.11 178.98 9.39 45.66
Near WA min 2.00 15.15 8.49 255.49 178.76 8.49 38.18
max 12.00 15.30 8.6 266.60 179.27 11.34 57.14
Rkm 399 mean 3.77 15.25 8.66 254.61 169.51 9.90 55.88
Vi from WA min 2.00 15.24 8.65 247.33 169.39 9.79 14.47
max 6.00 15.25 8.67 256.80 169.72 10.10 62.57
Rkm 399 mean 13.25 15.29 8.59 255.44 165.67 9.94 57.35
Center min 2.00 15.25 8.55 227.60 163.83 4.37 6.03
max 25.00 15.37 8.64 266.24 169.79 21.69 63.02
Rkm 399 mean 12.25 15.24 8.56 258.64 166.53 8.05 57.26
Near OR min 2.00 15.22 8.53 253.05 163.87 7.63 38.21
max 23.00 15.44 8.72 264.28 166.93 10.82 60.07
Rkm 437 mean 2.33 17.23 8.25 202.46 144.55 5.54 54.20
Near WA* min 2.00 17.23 8.13 177.66 144.44 4.41 41.97
max 3.00 17.23 8.31 215.88 144.63 6.48 59.92
Rkm 437 mean 7.76 17.07 8.32 222.33 144.52 5.59 57.35
Channel min 2.00 17.02 7.71 182.78 144.26 2.98 32.59
max 14.00 17.34 8.41 233.17 144.63 5.93 62.29
Rkm 437 mean 7.26 17.03 8.29 223.48 144.55 4.97 55.23
Vi from OR min 2.00 16.99 8.27 216.20 144.42 4.77 23.32
max 13.00 17.25 8.39 230.19 145.15 6.11 58.64
Rkm 437 mean 2.00 17.35 8.32 196.91 152.04 4.21
51.55
Near OR* min 2.00 17.15 8.26 174.03 137.07 3.88
41.25
max 2.00 17.46 8.37 215.80 174.15 4.80 65.94
Rkm 446 mean 5.26 16.94 8.21 228.99 143.69 5.56
54.85
Near WA min 2.00 16.93 7.68 214.61 131.60
1.63 8.33
max 9.00 16.94 8.31 234.68 149.17 6.08 60.00
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site depth
(m)
temp.
CC)
pH
units
ORP 
( mv)
cond.
(uS)
fluor.
(mg/m"’)
xmiss.
{%)
Rkm 446 mean 6.76 16.98 8.28 226.62 144.24 6.34 58.89
Center min 2.00 16.98 8.07 212.72 144.23 3.44 36.03
max 12.00 16.98 8.34 243.46 144.31 9.53 60.61
Rkm 446 mean 8.75 16.99 8.32 233.83 144.24 5.89 59.49
Channel min 2.00 16.97 8.14 214.07 128.83 3.60 35.80
max 16.00 16.99 8.98 243.45 145.74 6.15 89.81
Rkm 446 mean 2.00 16.93 8.23 222.12 145.63 4.82 44.71
Near OR min 2.00 16.93 8.16 207.86 145.43 2.85 26.61
max 2.00 16.94 8.35 234.52 145.95 7.12 62.30
Rkm 459 mean 2.00 17.17 - 147.12 7.77 79.34
Near WA* min 2.00 17.16 - - 146.28 7.77 79.34
max 2.00 17.18 - - 148.48 7.77 79.34
Rkm 459 mean - _ - - - - -
Center min - - - - - - -
max - - - - - - -
Rkm 467 mean 2.00 17.20 _ 213.51 147.18 3.45 31.90
Near WA* min 2.00 17.20 - 213.51 146.67 3.45 31.90
max 2.00 17.20 - 213.51 148.06 3.45 31.90
Rkm 467 mean 2.33 17.23 - - 147.92 - -
V* from WA min 2.00 17.23 - - 147.23 - -
max 3.00 17.24 - - 149.23 - -
Rkm 467 mean 2.00 17.41 _ 296.66 148.75 2.49 20.47
Center* min 2.00 17.41 - 296.66 148.75 2.49 20.47
max 2.00 17.41 - 296.66 148.75 2.49 20.47
Rkm 467 mean 2.00 18.06 - - 144.41 5.24 48.85
Near OR* min 2.00 18.06 - - 144.39 1.93 18.77
max 2.00 18.06 - - 144.44 8.54 78.94
* Denote sample locations where sample depth was too shallow to sample more than one meter
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Table A-5. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Seabird CTD. Profiles were
conducted from December 5, 2000 to December 7,2000.
site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
John Day mean 4.27 7.52 8.08 227.27 161.78 2.07 70.70
River min 2.00 7.52 7.87 220.21 161.74 1.93 41.04
max 7.00 7.53 8.20 243.88 161.88 3.22 76.81
Arlington mean 5.76 6.77 8.33 237.01 171.04 3.66 66.61
Cove West min 2.00 6.72 8.26 219.09 169.99 2.18 17.30
max 10.00 6.80 8.36 242.26 172.22 4.13 72.82
Arlington mean 5.50 6.77 8.26 235.90 171.07 43.31 75.25
Cove East min 2.00 6.72 8.26 232.79 170.32 41.35 74.58
max 10.00 6.79 8.27 238.29 172.11 46.48 75.54
Rkm 356 mean 16.25 7.16 8.34 279.97 164.78 3.21 72.57
Near WA min 2.00 7.16 8.27 268.87 164.70 3.11 32.27
max 31.00 7.17 8.37 296.84 164.87 3.72 73.89
Rkm 356 mean 17.25 7.10 8.33 275.65 166.94 3.18 70.75
Center min 2.00 6.51 8.19 261.71 164.87 3.07 37.62
max 33.00 7.17 8.38 294.31 185.85 3.66 72.70
Rkm 356 mean 12.25 7.13 8.33 272.89 167.74 3.38 65.98
V* from OR min 2.00 7.09 8.21 260.45 165.84 3.29 34.47
max 23.00 7 14 8.37 283.43 169.83 3.64 69.13
Rkm 356 mean 5.76 7.09 8.22 261.50 169.50 3.39 67.39
Near OR min 2.00 7.08 8.11 253.22 169.40 3.28 23.61
max 10.00 7 10 8.29 268.52 169.54 3.58 74.08
Rkm 364 mean 13.25 7.09 8.30 283.67 166.90 3.13 72.01
Near WA min 2.00 7.07 8.20 274.02 166.86 3.01 31.10
max 25.00 7.09 8.34 296.60 166.92 3.95 73.72
Rkm 364 mean 13.25 7.10 8.29 280.45 165.86 3.35 67.77
Center min 2.00 7.09 8.16 269.83 165.79 3.23 31.79
max 25.00 7.11 8.33 292.82 165.90 3.67 69.10
Rkm 364 mean 12.75 7.14 8.30 264.88 164.53 3.30 73.27
V* from OR min
max
2.00
24.00
7.13
7.14
8.12
8.36
251.13
277.38
164.47
164.57
3.17
3.95
32.64
74.48
Rkm 370 
Near WA
mean
min
max
9.25
2.00
17.00
7.03 
7.01
7.03
8.30
8.23
8.34
284.67
276.33
293.80
166.37 
166.35
166.38
3.40
3.30
3.61
72.26
48.80
80.20
Rkm 370 
Va from WA
mean
min
max
11.75
2.00
22.00
7.07
7.06
7.07
8.30
8.22
8.34
291.20
281.99
300.66
166.77
166.73
166.80
3.21
3.11
3.86
71.74
38.34
73.55
Rkm 370 
Center
mean
min
max
12.25
2.00
23.00
7.07
7.07
7.08
8.33
8.23
8.38
294.81
285.41
304.55
167.01
166.81
167.06
3.17
3.06
3.73
71.62
35.60
73.43
Rkm 370 mean 13.75 
2 00
7.08
7.05
8.30
7.48
318.73
310.09
167.19
166.14
3.16
1.85
67.64
34.20
Va from OR min
max 26.00 7.09 8.36 336.31 167.24 3.78 69.56
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site depth temp. pH ORP cond. fluor. xmiss.
(m) CC) units (mv) (uS) (mg/m^> (%)
Rkm 382 mean 10.25 6.95 8.33 224.11 160.99 2.66 72.36
Near WA min 2.00 6.95 8.23 214.84 160.94 2.54 39.38
max 19.00 6.95 8.37 232.95 161.03 3.34 74.02
Rkm 382 mean 16.25 6.97 8.40 234.00 161.15 2.61 71.95
V4 from WA min 2.00 6.95 8.32 221.62 161.09 2.52 40.78
max 31.00 6.97 8.44 256.94 161.25 3.23 73.20
Rkm382 mean 5.26 6.91 8.34 235.64 162.60 2.70 64.98
Center min 2.00 6.91 8.05 216.72 161.50 1.55 43.95
max 9.00 6.92 8.41 247.58 162.90 3.33 70.18
Rkm 382 mean 9.75 6.91 8.43 234.58 162.01 2.66 66.58
Near OR min 2.00 6.90 8.40 227.59 161.98 2.56 13.59
max 18.00 6.91 8.46 253.13 162.06 3.36 69.58
Rkm 392 mean 2.80 6.88 8.40 217.13 158.27 2.46 60.55
Near WA min 2.00 6.86 8.38 194.79 157.63 1.20 33.49
max 4.00 6.89 8.41 238.53 158.39 3.17 75.75
Rkm 392 mean 2.80 6.95 8.28 225.23 159.02 3.58 64.60
V4 from WA min 2.00 6.93 8.25 214.99 159.01 2.73 41.14
max 4.00 6.95 8.30 230.56 159.04 4.41 76.03
Rkm 392 mean 8.75 7.01 8.34 230.94 158.94 2.77 73.30
Center min 2.00 7.00 8.25 219.92 158.89 2.54 45.93
max 16.00 7.02 8.39 262.63 158.98 3.92 75.39
Rkm 392 mean 15.75 7.02 8.39 228.23 159.57 2.40 72.41
Near OR min 2.00 6.96 8.31 214.44 159.19 2.29 37.64
max 30.00 7.03 8.42 241.76 160.93 3.20 74.48
Rkm 399 mean 10.75 7.02 8.35 232.98 158.60 2.46 73.91
Near WA min 2.00 7.00 8.31 218.31 158.49 2.36 45.55
max 20.00 7.04 8.39 242.17 158.81 3.09 76.27
Rkm 399 mean 11.25 7.05 8.35 231.28 158.98 2.39 73.85
V* from WA min 2.00 7.03 8.26 220.61 158.90 2.31 49.27
max 21.00 7.06 8.39 240.05 159.06 2.47 74.83
Rkm 399 mean 4.27 6.83 8.28 230.05 161.46 2.93 60.37
Center min 2.00 6.83 8.13 214.79 161.14 2.06 31.05
max 7.00 6.84 8.33 235.13 161.51 4.06 67.46
Rkm 399 mean 5.76 6.75 8.40 234.26 168.62 3.58
69.22
Near OR min
max
2.00
10.00
6.72
6.76
8.37
8.43
207.06
240.19
164.89
170.70
2.08
3.98
36.15
74.11
Rkm 437 
Near WA*
mean
min
max
2.80
2.00
4.00
6.84
6.83
6.84
8.01
7.84
8.11
202.03
196.50
206.49
161.79
161.75
161.82
4.89
2.98
7.12
66.81
45.08
75.84
Rkm 437 
Channel
mean
min
max
2.33
2.00
3.00
7.46
7.46
7.47
8.31
8.25
8.33
228.83
219.47
236.22
155.67
155.26
155.78
1.97
0.98
3.01
58.92
41.08
75.85
Rkm 437 
V4 from OR
mean
min
max
6.76
2.00
12.00
7.44 
7.43
7.45
8.37
8.34
8.40
232.07
227.01
235.58
156.43
156.29
156.60
2.02
1.92
2.61
71.54
36.18
74.06
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site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
Rkm 437 mean 6.26 7.31 8.37 216.35 157.84 2.08 69.83
Near OR* min 2.00 7.30 8.32 208.53 157.70 2.00 45.13
max 11.00 7.32 8.41 224.31 158.00 2.82 72.77
Rkm 446 mean 5.76 7.49 _ 272.12 161.38 2.05 72.53
Near WA min 2.00 7.48 - 264.24 161.31 1.96 43.94
max 10.00 7.49 - 278.50 161.45 2.95 76.09
Rkm 446 mean 2.33 7.46 _ 273.56 161.13 2.04 72.73
Center min 2.00 7.46 - 262.53 161.11 1.96 46.46
max 3.00 7.47 - 281.94 161.17 2.48 74.90
Rkm 446 mean 7.76 7.36 8.17 230.01 161.21 2.36 60.35
Channel min 2.00 7.35 8.08 222.17 161.20 2.11 40.47
max 14.00 7.37 8.24 234.65 161.23 2.96 75.76
Rkm 446 mean 2.33 7.20 8.33 217.69 161.06 2.40 58.99
Near OR min 2.00 7.19 8.31 213.99 161.04 2.20 41.46
max 3.00 7.20 8.34 222.49 161.08 2.94 72.18
Rkm 459 mean 4.76 7.51 8.31 241.76 162.50 2.05 71.27
Near WA min 2.00 7.51 8.25 236.56 162.45 1.97 41.38
max 8.00 7.51 8.35 247.19 162.56 2.31 75.89
Rkm 459 mean 4.27 7.46 8.35 232.65 164.70 2.14 65.79
Center min 2.00 7.45 8.34 228.08 164.53 2.04 10.42
max 7.00 7.47 8.37 237.19 164.83 2.45 72.80
Rkm 467 mean 4.76 7.54 4.23 261.00 158.87 2.79 69.57
Near WA min 2.00 7.53 4.23 231.26 157.32 1.93 19.71
max 8.00 7.55 4.23 269.47 159.24 5.16 77.57
Rkm 467 mean 2.00 7.38 8.26 238.99 158.90 - 49.98
Vi from min 2.00 7.36 8.21 228.48 157.59 - 27.33
WA* max 2.00 7.39 8.30 252.61 159.85 - 77.45
Rkm 467 mean 2.80 7.55 8.26 245.05 160.96 2.06 68.69
Center min 2.00 7.55 8.25 241.46 160.94 1.85 48.65
max 4.00 7.55 8.28 247.72 160.98 2.89 75.88
Rkm 467 mean 4.27 7.49 8.30 241.61 163.93 2.14 71.14
Near OR min 2.00 7.49 8.29 238.80 163.84 2.02 46.29
max 7.00 7.49 8.31 244.88 164.05 2.51 74.09
* Denote sample locations where sample depth was too shallow to sample more than one meter
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Table A-6. Mean, minimum, and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Seabird CTD. Profiles
were conducted from March 15, 2001 to March 19,2001.
site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
John Day 
River
Arlington 
Cove West
Arlington 
Cove East
Rkm 356 
Near WA
Rkm 356 
Center
Rkm 356 
V4 from OR
Rkm 356 
Near OR
Rkm 364 
Near WA
Rkm 364 
Center
Rkm 364 
Vi from OR
Rkm 370 
Near WA
Rkm 370 
Vi from WA
Rkm 370 
Center
Rkm 370 
Vi from OR
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
13.75
2.00
26.00
6.76 
2.00
12.00
3.77 
2.00 
6.00
8.75 
2.00
16.00
19.25 
2.00
37.00
17.25 
2.00
33.00
2.80
2.00
4.00
7.76
2.00
14.00
14.39
2.00
50.00
3.28
2.00
5.00
9.75
2.00
18.00
11.75 
2.00
22.00
15.75 
2.00
30.00
13.75 
2.00
26.00
6.53
5.82
8.89
6.17
5.92
6.32
6.40
6.36
6.46
6.40
6.36
6.46
5.71
5.65
5.78
5.99 
5.63
7.73
6.80
6.24
7.87
5.88
5.87
5.90
5.86
5.83
5.91
5.75
5.74 
5.77
5.97
5.94
5.99
5.97 
5.96
5.99
5.88 
5.82
5.98
5.86 
5.73
5.95
8.65
8.33
8.77
9.04
8.93 
10.57
9.05
9.03 
9.07
8.79
8.03 
8.86
8.83
8.75
8.87
8.79 
8.54 
8.86
8.69 
8.50
8.76
8.90 
8.96 
8.92
8.82
8.69 
8.86
8.85 
8.67
8.90
8.90
8.78
8.94
8.86
8.78 
8.89
8.85
8.69
8.88
8.86
8.70
8.91
207.70
188.53 
222.06
256.55
248.83 
259.99
249.02
243.83 
253.26
205.00
173.44
214.98
219.71
201.72
232.23
217.81 
200.71 
232.28
223.91
216.59
230.93
212.32 
204.11 
219.35
221.09
212.54 
233.63
217.81 
201.39
228.37
204.17
191.33 
212.90
208.49
194.76
218.46
229.24 
215.32 
237.74
219.66
205.38
229.10
197.61
189.00 
213.98
191.94
191.14
192.26
193.42
192.77 
194.71
185.78
184.05
185.92
186.48
186.06
186.73
188.60
186.38
204.27
197.05
192.88
204.69
186.65
186.57
186.73
189.84
189.44
190.10
186.77 
186.64
187.11
188.33
188.01 
188.76
190.27
190.11 
190.59
189.36
188.78
189.78
188.56
187.29
188.92
14.54
6.12
18.06
22.16
20.91
30.86
13.65 
5.66 
22.06
16.65 
2.51
21.86
20.39
19.61
21.86
18.04 
4.96 
21.86
14.83
8.14
16.60
18.41
5.32
22.05
20.16
18.50
21.75
20.03 
6.18 
21.86
21.58
20.05 
21.86
18.27
5.18
21.86
19.77
5.26
21.86
20.04 
12.67 
21.33
52.13 
9.21 
56.84
48.36
17.92
65.53
41.99 
8.23 
48.38
54.72
23.62
57.33
55.99
16.93
57.30
53.47
30.24
55.46
50.89
27.53
54.13
52.05
13.82 
55.55
54.13
12.90 
57.07
3.53
27.17
55.82
52.81
16.58 
54.97
54.16
13.59
56.41
52.31 
23.43 
53.80
51.05
15.42 
53.87
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site
Rkm382 
Near WA
Rkm382 
Va from WA
Rkm382
Center
Rkm 382 
Near OR
Rkm 392 
Near WA
Rkm 392 
V a from WA
Rkm 392 
Center
Rkm 392 
Near OR
Rkm 399 
Near WA
Rkm 399 
V a from W a
Rkm 399 
Center
Rkm 399 
Near OR
Rkm 437 
Near WA*
Rkm 437 
Channel
Rkm 437 
V a from OR
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
mean
min
max
depth
(m)
6.26
2.00
11.00
16.25 
2.00
31.00
18.25 
2.00
35.00
13.25 
2.00
25.00
4.76
2.00
8.00
9.25 
2.00
17.00
16.25 
2.00
31.00
8.75 
2.00
16.00
4.27
2.00
7.00
12.25
2.00
23.00
12.25 
2.00
23.00
9.75 
2.00
18.00
2.00
2.00
2.00
7.76 
2.00
14.00
6.26 
2.00
11.00
temp.
("Q
5.90
5.90
5.90
5.94
5.93
5.94
5.94
5.92
5.94
5.90 
5.87
5.93
5.98
5.97
5.98
6.03 
6.01
6.03
5.97
5.96
6.00
6.02
6.03 
6.02
6.11
6.10
6.11
6.05
6.05
6.06
6.00
5.99 
6.01
5.89
5.86
5.91
6.17
6.17
6.18
6.19 
6.18
6.19
6.28
6.27
6.29
pH
units
8.85
8.75 
8.88
8.85 
8.77 
8.88
8.83 
8.70
8.86
8.84
8.69 
8.88
8.87
8.76
8.90
8.80
8.47
8.84
8.79
8.70 
8.82
8.79
8.65
8.83
8.8
8.85
8.90
8.83
8.77
8.86
8.77
8.59 
8.82
8.79 
8.61
8.83
8.66
8.59 
8.74
8.66
8.48
8.73
8.71
8.56
8.77
ORP
(mv)
240.61
232.14 
246.98
254.71 
241.66
264.44
259.04
245.19
269.47
248.06
232.24
259.28
260.19
251.95 
291.93
262.82
245.64
269.41
265.23 
253.08 
274.85
257.80
248.90
265.00
245.22
236.24
251.72
255.73
244.47
264.96
234.14
222.20
257.45
245.76
233.42 
254.62
177.80
171.23
184.37
222.21
205.79
227.61
211.74 
202.18 
217.41
cond.
(uS)
189.73 
189.36 
189.80
190.70 
190.49 
190.82
191.00
190.92
191.10
191.12
190.91 
191.20
189.18 
189.04 
189.26
191.19
190.91
191.29
192.12
191.74
192.19
191.89
191.86
191.91
190.39
190.38 
190.43
190.87
190.79
190.91
192.31
192.24
192.38
191.73
191.61
191.79
203.94
203.63
204.25
203.65
203.61
203.71
205.36
205.30 
205.47
fluor.
(mg/m^)
16.20
5.37 
21.96
19.37 
5.64
21.95
19.25
5.52 
21.86
19.95 
7.47 
21.87
15.04
5.15
21.94
17.91
2.75
21.86
19.44
9.57
21.86
19.68
11.93 
20.16
21.52 
19.34 
21.86
20.14
6.23
21.86
19.93 
13.36 
21.86
20.77
20.01
21.86
5.31
5.08
5.53
13.88
5.29
20.50
12.63
5.18
21.80
xmiss.
(%)
50.53 
8.87
54.17
53.43
15.43 
54.95
53.40 
21.49
54.66
52.57
15.57 
54.62
46.18 
10.85
51.52
51.52 
9.21
54.56
50.84
10.94
53.57
49.60
11.44
51.95
46.43
17.19
51.41
52.54 
4.09 
54.00
52.32
13.15
53.69
47.31
16.02
50.84
47.66
29.58 
65.75
56.91
13.04
59.55
51.10
18.72
54.25
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site depth
(m)
temp.
rc) pHunits
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
Rkm 437 mean 2.00 6.25 8.57 237.08 205.53 14.70 33.37
Near OR* min 2.00 6.25 8.57 233.00 233.00 13.03 7.92
max 2.00 6.25 8.54 241.15 241.15 16.38 58.83
Rkm 446 mean 4.76 6.19 8.53 142.67 204.49 11.66 56.60
Near WA min 2.00 6.19 8.37 132.70 204.38 4.99 17.75
max 8.00 6.20 8.61 149.71 205.02 20.24 61.47
Rkm 446 mean 7.76 6.26 8.61 217.26 205.56 12.73 55.63
Center min 2.00 6.25 8.38 198.01 205.44 5.13 12.59
max 14.00 6.27 8.67 222.32 205.82 19.28 58.54
Rkm 446 mean 3.28 6.32 8.62 239.80 204.77 12.18 54.93
Channel min 2.00 6.29 8.42 223.56 204.59 5.37 22.80
max 5.00 6.34 8.67 243.63 204.99 18.76 57.55
Rkm 459 mean 5.76 6.07 8.66 267.46 200.30 12.53 57.50
Near WA min 2.00 6.06 8.57 252.38 200.06 8.98 27.45
max 10.00 6.07 8.70 272.82 200.53 13.01 60.77
Rkm 459 mean 5.26 6.07 8.64 283.05 200.07 7.69 58.19
Center min 2.00 6.06 8.59 274.86 199.81 4.67 18.47
max 9.00 6.07 8.67 285.46 200.85 18.58 60.99
Rkm 467 mean 4.26 6.07 8.66 296.89 197.64 13.57 52.44
Near WA min 2.00 6.06 8.60 294.98 197.57 12.89 38.98
max 7.00 6.09 8.71 298.79 197.71 14.24 65.90
Rkm 467 mean 5.26 6.01 8.65 297.21 198.02 11.60 55.69
Va from WA min 2.00 6.01 8.63 286.35 197.96 5.39 16.58
max 9.00 6.01 8.67 299.50 198.46 18.00 63.58
Rkm 467 mean 4.76 6.03 8.61 297.40 203.98 12.22 54.69
Center min 2.00 602 8.53 284.09 202.63 10.69 10.15
max 8.00 6.05 8.65 300.03 205.84 12.53 59.39
Rkm 467 mean 6.26 6.04 8.67 292.27 204.58 14.47 52.28
Near OR min 2.00 6.04 8.66 265.18 203.97 12.52 11.02
max 11.00 6.05 8.69 296.78 205.57 19.20 59.73
Denote sample locations where sample depth was too shallow to sample more than one meter
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Table A-7. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (Rkm) of John Day Reservoir, Columbia River using a Seabird CTD. Profiles
were conducted from May 21, 2001 to May 25,2001.
site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
John Day mean 10.25 15.11 8.54 245.85 154.39 10.33 50.29
River min 2.00 14.13 8.17 233.45 111.09 4.74 24.10
max 19.00 18.00 8.80 250.33 183.53 18.15 56.96
Arlington mean 5.76 14.57 8.83 208.73 168.99 21.82 34.55
Cove West min 2.00 14.23 8.65 193.68 160.66 21.17 5.74
max 10.00 15.63 9.07 234.10 173.93 21.86 42.54
Arlington mean 4.76 14.74 8.90 217.35 167.25 21.85 32.58
Cove East min 2.00 14.28 8.74 208.27 158.02 21.69 14.15
max 8.00 15.55 9.02 222.52 173.74 21.86 37.80
Rkm 356 mean 10.75 14.69 8.99 213.86 180.04 21.88 40.14
Near WA min 2.00 14.35 8.89 197.01 177.59 21.40 11.61
max 20.00 15.69 9.23 223.10 181.10 23.11 44.57
Rkm 356 mean 17.75 14.41 8.90 227.20 180.74 21.86 45.44
Center min 2.00 14.17 8.82 202.14 177.40 21.56 16.13
max 34.00 16.20 9.17 237.92 181.62 22.20 49.45
Rkm 356 mean 17.75 14.51 8.84 230.09 177.48 21.13 45.94
V* from OR min 2.00 14.12 8.48 211.11 129.95 11.16 14.12
max 34.00 17,22 9.06 239.16 182.72 21.86 49.55
Rkm 356 mean 12.75 14.67 8.85 232.46 175.38 18.73 46.60
Near OR min 2.00 14.11 8.76 216.05 146.07 14.53 22.07
max 24.00 16.57 9.05 239.77 183.79 21.91 51.82
Rkm 364 mean 9.25 14.91 8.96 227.75 175.87 19.64 38.09
V4 from WA min 2.00 14.35 8.84 210.08 170.04 4.61 11.78
max 17.00 15.93 9.05 236.25 178.34 21.86 42.80
Rkm 364 mean 13.25 14.51 8.89 240.33 175.11 21.79 39.24
Center min 2.00 14.26 8.81 222.14 170.08 18.73 12.75
max 25.00 15.89 9.09 247.70 176.65 21.86 41.48
Rkm 364 
Vâ from OR
mean
min
max
13.25
2.00
25.00
14.36
14.14
14.94
8.84
8.73
9.03
222.84
197.19
238.77
178.73
176.91
179.29
21.79
18.86
21.86
42.14
10.05
47.07
Rkm 370 
Near WA
mean
min
max
11.25
2.00
21.00
14.87
14.24
16.13
8.88
8.18
9.07
262.67
227.60
273.04
171.54
166.69
174.86
21.45
7.44
21.86
35.73
9.99
41.39
Rkm 370 
V* from WA
mean
min
max
12.75
2.00
24.00
14.53
14.22
15.46
8.85
8.73
9.04
270.42
254.81
277.13
171.52
167.52 
174.03
20.71
5.96
21.86
38.38
14.04
43.02
Rkm 370 mean 13.25 14.2914.17
8.76
8.68
275.63
263.57
173.86
170.78
21.86
21.81
41.35
8.30
Center min
max
2.00
25.00 14.80 9.02 281.44 175.86 21.86 44.92
Rkm 370 
*4 from OR
mean
min
max
5.76
2.00
10.00
14.40
14.31
14.85
8.83
8.76
9.05
268.53
257.90
274.30
172.01
170.88
173.20
19.14
4.76
22.03
38.05
7.88
41.37
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site depth temp. pH ORP cond. fluor. xmiss.
(m) CC) units (mv) (uS) (mg/m^) (%)
Rkm 382 mean 6.76 14.92 9.00 196.94 150.55 21.88 33.42
Near WA min 2.00 14.26 8.87 184.07 148.56 21.86 15.15
max 12.00 15.48 9.15 202.47 152.89 22.24 37.44
Rkm 382 mean 10.75 14.57 8.91 193.00 151.38 20.38 35.98
Vi from WA min 2.00 14.22 8.79 168.75 148.28 6.26 14.21
max 20.00 15.92 9.18 204.52 153.00 21.86 38.75
Rkm 382 mean 16.75 14.30 8.81 214.68 153.48 21.62 38.33
Center min 2.00 14.11 8.72 189.69 150.62 9.80 18.13
max 32.00 15.62 9.23 226.55 154.89 21.86 40.66
Rkm 382 mean 5.26 14.82 8.93 183.66 155.07 21.86 37.40
Near OR min 2.00 14.76 8.91 170.29 154.46 21.58 23.45
max 9.00 14.90 8.97 193.38 155.68 22.17 38.81
Rkm 392 mean 3.28 15.39 8.93 228.75 147.63 21.88 29.63
Near WA min 2.00 14.90 8.84 224.70 147.16 21.86 13.30
max 5.00 15.76 9.03 232.99 148.05 22.00 32.62
Rkm 392 mean 8.75 14.56 8.78 232.40 148.02 21.86 34.02
Vi from WA min 2.00 14.21 8.67 219.96 147.10 21.83 31.08
max 16.00 16.07 9.06 237.08 148.97 21.86 36.99
Rkm 392 mean 15.75 14.24 8.67 227.87 150.02 21.84 35.92
Center min 2.00 13.96 8.54 205.56 148.21 20.76 16.48
max 30.00 15.93 9.11 237.11 153.49 21.86 37.93
Rkm 392 mean 5.76 14.38 8.71 215.48 156.09 21.77 34.72
Near OR min 2.00 14.17 8.62 205.06 155.08 20.31 8.77
max 10.00 14.79 8.95 220.58 156.82 21.86 37.86
Rkm 399 
Near WA
mean
min
max
3.28
2.00
5.00
15.48
15.26
16.02
9.05
8.99
9.12
196.33
191.89
199.02
146.46
146.08
147.16
19.66
12.86
21.86
28.10
7.63
31.48
Rkm 399 
Vi from WA
mean
min
max
11.75
2.00
22.00
14.77
14.22
16.00
8.87
8.73
9.09
202.30
177.51
213.59
145.72
144.48
146.62
21.87
21.86
22.18
34.59
12.32
36.57
Rkm 399 mean 11.75
2.00
22.00
14.26
14.08
8.77
8.70
214.50
195.99
145.64
144.96
21.87
21.86
34.83
32.12
Center min
max 15.34 9.12 223.85 146.03
22.20 35.69
Rkm 399 
Near OR
2.80
2.00
4.00
14.48 8.86 188.03 149.52 21.86 31.03mean
min
max
14.26
14.81
8.79
8.94
179.16
194.93
149.27
149.92
21.82
21.86
18.56
34.37
Rkm 437 
Near WA*
2.00
2.00
2.00
14.96 8.77 215.45 143.94 22.60 38.25mean
min
max
14.95
14.97
8.73
8.82
214.17
216.72
143.88
143.99
21.86
23.34
31.73
44.78
Rkm 437 7.26
2.00
13.00
14.66 8.59 229.62 143.81 21.83 40.52mean
14.61 8.57 221.28 143.76 21.44 16.33Center min
max 14.88 8.66
236.84 143.95 21.86 42.39
Rkm 437 6.26
2.00
11.00
14.65 8.63 221.06 143.48 21.86 39.07mean
14.50 8.58 212.46 143.33 21.86 16.14Vi From OR min
max 15.04 8.74 225.92
143.73 21.87 40.85
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site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m^)
xmiss.
(%)
Rkm 437 mean 2.00 15.09 8.97 189.67 143.24 22.09 40.53
Near OR* min 2.00 14.90 8.97 189.06 142.76 21.86 33.64
max 2.00 15.27 8.98 190.27 143.73 22.31 47.41
Rkm 446 mean 4.76 15.27 8.74 147.73 144.20 18.32 43.16
Near WA min 2.00 15.26 8.69 135.89 144.16 5.94 21.88
max 8.00 15.27 8.76 169.05 144.21 21.86 45.00
Rkm 446 mean 6.26 15.29 8.76 164.69 144.23 14.31 42.70
Center min 2.00 15.29 8.72 154.74 144.19 4.52 14.55
max 11.00 15.30 8.78 171.14 144.24 21.86 44.33
Rkm 446 mean 8.25 15.35 8.78 174.41 144.19 21.85 42.71
Channel min 2.00 15.32 8.71 164.22 144.10 21.64 16.92
max 15.00 15.46 8.81 181.29 144.30 21.86 44.03
Rkm 446 mean 2.00 15.87 8.86 154.52 147.07 4.72 25.64
Near OR* min 2.00 15.55 8.85 152.25 146.25 4.72 11.90
max 2.00 16.18 8.88 156.80 147.90 4.73 39.39
Rkm 459 mean 4.27 15.00 8.65 169.22 145.62 21.61 41.81
Near WA min 2.00 14.99 8.56 161.22 145.61 20.22 22.88
max 7.00 15.00 8.67 173.95 145.68 21.84 43.86
Rkm 459 mean 5.26 14.99 8.66 165.22 145.74 21.67 42.35
Center min 2.00 14.99 8.58 156.23 145.73 21.47 19.00
max 900 14.99 8.68 170.58 145.75 21.82 43.95
Rkm 467 mean 2.00 15.07 8.75 173.99 170.03 18.51 27.48
Near WA* min 2.00 15.03 8.69 164.98 146.21 12.35 16.16
max 2.00 15.09 8.87 182.28 217.63 21.83 42.91
Rkm 467 mean 3.28 15.00 8.65 159.97 146.67 21.85 39.75
V4 from WA min 2.00 15.00 8.64 156.60 146.66 21.39 14.87
max 5.00 15.00 8.66 163.81 146.68 22.24 44.09
Rkm 467 mean 4.76 15.04 8.63 158.06 146.50 21.35 40.95
Center min 2.00 15.03 8.62 153.78 146.49 19.75 8.99
max 8.00 15.04 8.64 161.28 146.53 21.86 43.55
Rkm 467 mean 4.27 15.51 8.68 125.92 144.79 19.87 41.34
Near OR min 2.00 15.47 8.67 117.81 144.55 19.46 11.63
max 7.00 15.58 8.69 132.50 144.91 21.47 44.18
* Denote sample locations where sample depth was too shallow to sample more than one meter
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Table A-8. Mean, minimum and maximum for vertical profiles of water quality parameters collected at
selected river kilometers (rkm) of John Day Reservoir, Columbia River using a Seabird CTD. Profiles
were conducted from August 28, 2001 to August 30, 2001.
site depth temp. pH ORP cond. fluor. xmiss.
(m) CC) units (mv) (uS) (mg/m3) (%)
John Day mean 12.75 21.70 8.06 227.77 151.90 5.12 49.06
River min 2.00 21.38 7.99 216.36 148.14 4.45 12.93
max 24.00 22.66 8.41 235.23 157.50 8.16 59.53
Arlington mean 5.76 21.43 8.37 273.66 149.19 8.09 48.23
Cove West min 2.00 21.20 8.23 266.91 148.48 6.86 12.42
max 10.00 22.11 8.70 277.08 149.75 10.36 52.77
Arlington mean 5.26 21.51 8.34 263.19 149.25 6.95 44.64
Cove East min 2.00 21.23 8.18 254.82 148.21 5.62 10.39
max 9.00 22.55 8.67 267.63 149.65 8.82 53.65
Rkm 356 mean 10.25 21.49 8.21 228.06 147.50 6.88 56.92
Near WA min 2.00 21.42 8.12 218.90 147.18 5.68 10.97
max 19.00 21.78 8.43 233.24 147.61 9.41 60.59
Rkm 356 mean 16.75 21.49 8.15 231.83 147.57 6.05 55.59
Center min 2.00 21.37 8.07 221.85 147.33 5.00 19.24
max 32.00 22.17 8.36 238.64 147.66 8.47 61.49
Rkm 356 mean 17.25 21.55 8.17 221.16 147.60 6.53 52.05
V4 from OR min 2.00 21.35 8.04 210.45 147.38 4.92 34.25
max 33.00 22.04 8.42 227.17 147.72 9.42 60.37
Rkm 356 mean 9.75 21.82 8.16 184.46 150.33 6.82 55.08
Near OR min 2.00 21.65 8.08 167.14 148.33 5.91 27.01
max 18.00 22.45 8.39 195.71 152.75 7.53 60.86
Rkm 364 mean 9.75 21.55 8.30 215.44 147.66 7.48 55.40
Near WA min 2.00 21.47 8.23 206.29 147.26 6.48 25.10
max 18.00 22.16 8.43 220.69 147.75 8.97 60.51
Rkm 364 mean 12.25 21.47 8.25 233.41 147.99 6.27 57.83
Center min
max
2 00 
23.00
21.36
22.04
8.16
8.50
226.94
237.43
147.48
148.22
5.54
7.88
11.50
62.06
Rkm 364 
V4 from OR
mean
min
max
12.75
2.00
24.00
21.50
21.32
22.29
8.19
8.07
8.48
240.10
231.17
244.05
147.68
147.27
148.16
6.20
4.90
8.91
53.72
14.86
58.98
Rkm 370 
Near WA
mean
min
max
10.25
2.00
19.00
21.39
21.33
21.58
8.28
8.20
8.51
225.57
208.85
231.00
148.29
148.03
148.38
6.93
6.15
9.11
53.24
7.58
60.07
Rkm 370 mean 11.75
2.00
22.00
21.52
21.25
22.32
8.33
7.41
240.05
231.44
151.41
147.94
7.09
3.21
57.06
29.30
*4 from WA min
max 8.57 243.91
272.93 9.25 60.94
Rkm 370 14.75
2.00
28.00
21.50 8.33 244.41 148.60 7.34 56.35mean
21.26 8.20 237.97 147.85 6.13 20.22Center min
max 22.07 8.53
247.96 149.17 9.24 61.40
Rkm 370 7.26
2.00
13.00
21.84 8.44 244.70 147.56 8.92 51.11mean
21.54
22.52
8.23 223.91 146.97 6.16 13.96
Near OR min
max 8.73 249.13
148.08 11.35 54.16
70
site depth temp. pH ORP cond. fluor. xmiss.
(m) CC) units (mv) (uS) (mg/m3) (%)
Rkm 382 mean 3.28 21.35 8.27 246.21 148.55 7.80 49.08
Near WA min 2.00 21.33 8.24 240.32 148.49 7.15 21.81
max 5.00 21.38 8.28 250.72 148.57 8.20 53.23
Rkm 382 mean 12.75 21.33 8.29 264.47 148.60 7.58 56.44
Vi from WA min 2.00 21.25 8.23 256.14 148.42 5.98 19.44
max 24.00 22.08 8.47 268.32 148.80 9.78 59.50
Rkm 382 mean 17.75 21.29 8.20 261.41 148.80 7.02 47.11
Center min 2.00 21.19 8.12 250.38 148.11 6.33 13.90
max 34.00 21.74 8.53 266.82 149.07 9.70 57.76
Rkm 382 mean 6.26 21.72 8.34 256.53 147.94 7.24 45.08
Near OR min 2.00 21.41 8.18 248.73 147.47 6.14 18.63
max 11.00 22.51 8.51 260.70 148.37 8.22 58.90
Rkm 392 mean 6.26 21.27 8.44 239.42 150.26 9.79 52.56
Near WA min 2.00 21.25 8.40 231.37 150.20 7.61 9.43
max 11.00 21.37 8.53 249.86 150.30 10.72 56.84
Rkm 392 mean 9.25 21.28 8.43 254.27 150.14 9.02 54.20
V* from WA min 2.00 21.20 8.33 249.35 149.95 8.14 14.24
max 17.00 21.61 8.63 257.52 150.33 10.43 58.59
Rkm 392 mean 15.75 21.27 8.35 257.95 150.07 8.34 49.03
Center min 2.00 21.13 8.24 249.55 149.15 7.37 30.57
max 30.00 21.89 8.62 262.60 150.48 11.37 59.31
Rkm 392 mean 7.76 21.28 8.31 258.77 149.67 7.95 47.35
Near OR min 2.00 21.14 8.19 253.09 148.72 6.96 11.80
max 14.00 21.94 8.60 262.18 150.08 10.10 50.66
Rkm 399 
Near WA
mean
min
max
3.77
2.00
6.00
21.25
21.22
21.36
8.51
8.43
8.74
228.97
223.99
232.53
150.99
150.84
151.17
10.54
10.04
11.49
52.22
26.16
55.48
Rkm 399 
Vi from WA
mean
min
max
11.25
2.00
21.00
21.16
21.12
21.64
8.38
8.31
8.75
253.70
248.06
256.87
151.84
151.02
151.96
8.78
8.12
12.48
54.06
12.93
57.20
Rkm 399 
Center
mean
min
max
10.75
2.00
20.00
21.28
21.07
22.76
8.40
8.24
8.80
256.53
248.90
260.79
151.86
150.92
152.18
8.57
7.51
11.65
54.19
30.29
59.42
Rkm 399 2.80
2.00
4.00
22.27 8.65 248.90 149.48 9.17 49.21mean
21.46 8.58 245.86 149.16 8.35 34.96Near OR min
max 23.10 8.74 251.49
149.97 10.02 53.76
Rkm 437 2.00
2.00
2.00
21.00 8.50 200.65 151.76 6.33 58.35mean
20.96 8.35 196.42 151.51 5.83 47.47Near WA* min
max 21.05 8.64
204.88 152.00 6.82 69.22
Rkm 437 7.76
2.00
14.00
20.63 8.29 235.66 152.34 7.03 58.44mean
20.60 8.25 230.75 152.00 5.81 52.76Center min
max 20.77 8.44
238.93 152.53 7.72 62.97
Rkm 437 6.26
2.00
11.00
20.63 8.36 246.38 153.17 7.96 51.24mean
20.60
20.89
8.29 242.43 152.69 7.32 24.03
Vi from OR min
max 8.64 248.47
153.83 9.05 57.13
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site depth
(m)
temp.
CC)
pH
units
ORP
(mv)
cond.
(uS)
fluor.
(mg/m3)
xmiss.
(%)
Rkm 437 mean 2.00 21.00 8.64 261.84 154.29 7.47 37.23
Near OR* min 2.00 20.73 8.64 251.49 154.20 7.06 19.91
max 2.00 21.27 8.64 272.20 154.39 7.88 54.54
Rkm 446 mean 4.76 20.57 8.24 231.89 151.27 5.41 60.75
Near WA min 2.00 20.54 8.22 223.20 151.25 5.12 15.18
max 8.00 20.65 8.26 235.70 151.33 5.61 65.42
Rkm 446 mean 5.76 20.55 8.27 247.63 151.64 6.05 62.21
Center min 2.00 20.51 8.26 244.71 151.60 5.12 33.58
max 10.00 20.80 8.30 249.82 151.78 6.28 65.19
Rkm 446 mean 8.25 20.44 8.24 253.67 151.64 6.03 61.46
Channel min 2.00 20.42 8.21 246.58 151.59 5.46 31.16
max 15.00 20.52 8.30 255.67 151.75 6.40 64.85
Rkm 446 mean 4.27 20.47 8.27 248.74 151.78 6.65 54.51
Near OR min 2.00 20.44 8.24 244.91 151.77 6.29 27.65
max 7.00 20.52 8.33 250.78 151.81 7.09 57.30
Rkm 459 mean 2.00 20.57 8.51 178.20 - - -
Near WA* min 2.00 20.57 8.51 178.20 - - -
max 2.00 20.57 8.51 178.20 - - -
Rkm 459 mean - - - - - - -
Center min - - - - - - -
max - - - - - - -
Rkm 467 mean 2.33 20.49 8.19 231.06 150.95 4.74 56.37
Near WA min 2.00 20.49 8.18 229.49 150.95 4.69 35.94
max 3.00 20.49 8-19 232.23 150.97 4.80 63.74
Rkm 467 mean - - - - - - -
Vi from OR min - - - - - - -
max - - - - - - -
Rkm 467 mean 2.00 20.40 - 213.58 - 1.50 21.82
Center* min 2.00 20.40 - 213.58 - 1.50 21.82
max 2.00 20.40 - 213.58 - 1.50 21.82
Rkm 467 mean 3.28 20.78 8.40 179.66 151.39 6.72 61.38
Near OR min 2.00 20.78 8.39 175.11 151.38 6.65 61.18
max 5.00 20.79 8.41 184.49 151.40 6.78 62.00
* Denote sample locations where sample depth was too shallow to sample more than one meter
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